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SUMMARY 

»Analytical and experimental model studies were made at the Stevens 

Institute of Technology,^^Experimental Towlnfl T*nk    (ETT) in order to de- 

termine the origin and dependence upon the basic planing parameters of the 

■ein spray associated with prismatic planing hulls.    It we* found that the 

sein spray originates locally at the stagnation line intersection with the 

chine and that the water contained in the spray coses fro* a strip of un- 

disturbed surface fluid lying ahead of and parallel to the chine over a 

width approximately 0.10 beams on either side of the chine line.    The max- 

imum spray height was found to be proportional to the square of the plan- 

ing velocity,  increased almost linearly with increasing trim angle,  did 

not vary strongly with deadrise angle, achieved a maximum height at a 

deadrise angle of 10 degrees, and was Independent of aspect ratio in the 

chinee-wetted planing condition.    Small vertical spray stripe were very 

effective in ceasing considerable reductions in spray height.    Horlaoatal 

chine flares mere ineffective in reducing the spray height. 

\ 
WCaCUTUtt 

b oeem of planing surface 

C^ speed coefficient   ?/ /gT 

4 depth of chins strip below chins lias 

I aceeleratlea of gravity 

P 

«J 

I 

t 

T 
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x horisontal diatance along body axis 

y transfers«1 distance in body axis 

a angle botween stagnation line and whisker spray measured In plane 
of bottom 

ß deedriae angle 

6 spray thicknees 

*) lateral position of maxiwtm height of main spray blister outboard 
of chins 

Y angle between spray sheet and planing surface 

X «sen wetted length bean ratio,  Jlm/h 

X total length of planing surface 

•A distance of stagnation point ahead of trailing edge of planing 
surfsoe 

^2 distance of stagnation point behind the leading edge of planing 
surface 

seen wetted length 

tan"1 dy/dx 

M density of fluid 

0 surf see tension of fluid 

1 trie ang'e 

( BSKIBRSI height of a*in spray blister above level water surface 

IVnOODCTZDI 

This report press of the reeulte of a awdel study ef the 

ef the eeia er alls wer spray goairHH by planing amlle.    PhUwatiea far 

swsssjsd frasj the lepsrteewjs ef swah spreg 

>ff sad lsawttssj.    I« alwayw IMINII 
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minimise the wetting of such members by the planing spray.    Impingement of 

a heavy spray on the wings, particularly upon the flaps,  can and has pro- 

duced structural damage.    With the advent of jet-powered seaplanes,   It is 

particularly important that spray be so controlled as to prevent Ingestion 

into the jet engines of water which can easily extinguish combustion or 

lead to corrosion of turbine blades. 

Present-day practice in design of seaplanes seeks to provide a con- 

trol on the spray by means of spray dame which are essentially flanges into 

which the hull is faired at the chine.    The dams direct the water downward 

at the juncture of the chine and water surface.    Small-scale tests have been 

conducted with a model of the specific seaplane under consideration in order 

to determine the offec tavern as of the chine conf igurati one in reducing the 

spray configuration with respect to the hull.    Such experimentation usually 

ham been on a de sign-to-de sign basis and, although materially assisting in 

the solution of specific spray problem«, hat contributed little to an under- 

standing of the flow pattern,  it« origin, and how it depends upon speed, 

trim and the geometry of a body.    Inasmuch as a basic    systematic study of 

seaplane spray generation is lacking,  a combined theoretical and experi- 

mental investigation was undertaken to provide some insight into the mech- 

anism of the generation of the main «pray and how it« geometry varies with 

planing conditions and the shape of the planing body. 

Thl« report begin« with a description of the basic  types of spray 

formation« produced by planing surface« and how their qualitative behavior 

and generation may be accounted for theoretically.    The experimental  work 

undertaken 1« described next and the teat result« are presented in a /bra 

which «how« the dependence of the coordinates cf the -tfflniri height of the 

min spray upon the speed coefficient   «ad angle« of trim and deadrlee.   The 

• f fectiveness of simple  spray «trip« along the chin« 1« determined from 

•vwteamtlc teeta. 

tod at the Experimental  Toelag Tank, 

PTt), hem ween «mpportod by the 

ameer Contract «ear MAO«    1ml« I 

n-1700 at   ITT. 
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BASIC COHCEPT OP SPRAT 

QtMBATIOM 

Qonsml Considerations 

It 1« cossnon knowledge that Large diatortioaa of a fluid surface 

occur near the leading edge of netted areas of bodies which plane upon or 

pierce the water BUT face at high speed« •    Tfceee hl^h-speed water distor- 

tions generally lead to the  forwatlon of spray.    At low speeds the water 

»■ Uon near the bow takes the fon of a wswe which la in continuous contact 

with the body surface and neighboring 'luid.   At higher speeds A-he flow 

about the bow fails to cling tc the surface as s warn and separates fron it, 

thus forming a locally Ten ti la ted flow«    Depending upon the shape of the 

leading edge, this mutilation nay be preceded or followed by a rupturing 

of the flow into two parts.    One part foms the spray which SJOTM out and 

upverd, whils the other rsnalns as the nein body of the flow field.    The 

ha*1<* reessc for euch a strong reaction ia  the prsmonce of s stagnation 

line in the lnnsdiate rieinlty of the free eurfsos.   A stagnation lint is 

a locus of points on a body along which the flow Is divided into use perte 

and on which ths msrtann preesure is dorsloped fron the bringing to rent 

an Important conponent of ths free stream Telocity,    f •    At los   f ,   ths 

presence of this stagnation line will cause a local  "bnnp* or swelling of 

ths free surface end will contribute to the generation of a sows train 

downstream or aft of the body.    As the planing surface Telocity,    f,   Is 

increased, ths fluid shoes the stagnation streamline will now» upward and 

outward with 1nsroes 1ng fores until the layer tears sway.    Detornination 

of ths wsloclty which initiates this transition eon be ssslilnsi by 1 sting. 

ns ensnple, ths tsss sf en sbstssls placed close to ths fluid sir 1st 

fsss ss is ehewn in the snjnosat sketch. 



leading edge of body 
over which pressure 
is positive 

free surface] p ■ 0 

stagnation streasure 

The forces acting on the ele—int ABCD are considered to bat    l) the 

reaction fro» the body,  2) the surface tana ion, and 3) gravity.    The equa- 

tion of motion along tt* normal to the body than la 

p(e)(a3) - 2a 6c*>- pgt(AS)  coe ~     -  - pt AS ^j- , (1) 

provided the frietional foroaa are neglactad. If the thin layer of water 

rounding the obstacle 1« »o detach and thue ventilate, the praesure along 

K    snat fall to aero.    The critical velocity than I* glvejo by 

'•.••so-*- (?) 

cenaral a^cejeslaa far radiaa mt ci 

o) 

(j) (t) 

(a) 
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lnaamuch as the surface tension of water la snc.ll (about 0.00512 lb,/ft.), 

tne coefficient of the first tern on the right-hand side of Equation (U) 

(0.00$12/t) can be large, relative to the second tar«, only for very snail 

bodies.    For geometrically similar obetaclea,  the importance of the first 

tent diminishes linearly with else (since    t    Increases with size), whereas 

the last tern grows linearly with size.    Consequently, the surface tans Ion 

plays virtually no role in the flow about large bodies.    In general,  then, 

the onset of spray may be expected to depend upon the  Proud« nuaber and 

the Weber nuaber so that sow scale effect can be expected in small model 

teets in which only the froude nuaber Is preserved.    As will be presently 

seen, the thickness,    t,   of the fluid layer which is skimmed off Into 

spray by a flat planing surface is indeed small so that it is quite possi- 

ble for surface tension to influence the generation of spray and the shape 

of the spray sheet after it leaves the hull. 

Spray Generated by a fwo-Trt—naional flat Planing Plate 

The local flow pattern about a flat plate planing on the surface of 
1 .2 a fluid has been treated by Wagner    and «ore completely by A.K. Qreen 

using the two-diioensionel free-streamline theory,    for present purposes it 

will be sufficient «»rely to use some of their results to illustrate the 

theoretically predicted flow pattern about a flat planing surface. 

Wagner's matnematical model is considered first to illustrate the 

fact that the spray thickness la small compared to a charac tenet lc dimen- 

sion of the body.    Wagner considered a plat« whose length above the calm 

water intersection is infinit« as shown in the following aketeh. 

itagnation pol 
root 

spray (welgntli 

lalokweee^l    « • Q 

—V 



Using Wagner*s solution, which applies to speeds such that the inertia 

forces are wich larger than the gravity force, Equation (29) of Refer- 

ence 3 can be used to approximate the spray thickness,    &   ,   in a fraction 

of the \"?tted length    (t )    measured to the spray root as: 

R-67Ö 
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7T 1 

tm " a ♦ T*% (for   T < < 1.0) (5) 

where i is the trim angle in radians. Thus, for a trim angle of 12 de- 

grees, S is only about 2.5 percent of * and is directed upward at the 

triai angle    % .   However, this Initial trajectory angle of the spray depends 

upon the initial extent of the upper end of the plate above the undia- 
2 

turbed free surface as shown theoretically by Green    who considered both 

plates of finite and infinite length planing on fluids of infinite and 

finite depth. 

The adjacent «ketch shows the flow pattern for the caae of a plate of 

finite length planing in a fluid of infinite depth. 

spray 

p*0 

stagnation point 

Green'a Two-Dinenelonel Spray Configuretion 
For finite Length Planing Plate 

*-    i  le «ay ttftt 1 x    U fined mä Jtf— • 

•• *•.    let fer X 7   finite 

infinite U 

rateae to 

, t    •   U eenelAereJbly Afferent fren %fee trla eagle,    1 . 

*• eoletlee enealse one %e eeamwte MM flew eatf fereen ertlag es e 
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lated plate can be computed.    This Is illustretad In the following sketch. 

stagnation point 

Fully Ventilated Submerged Flat Planing Plate 

For this case it is evident that the spray thickness is large and 

the angle   T    is »any times    ? ,   approaching,  in fact,  the supplement of 

T i     The Important fact to not« is that as a plate is immersed in a fluid, 

say at constant trim angle, the stagnation point moves closer to the upper 

end of the plate.    At the same time  the width of the stream tubs,  formed 

by the stagnation streamline and the free surface, thickens and, at a 

particular position, the inertia   of the spray becomes so treat that the 

divided flow be|ine to bend around the top edge of the plate.    The varia- 

tion of the angle   r   with the position of the stagnation line has been 

evaluated for a trim angle of 30 degreee using Ore em's theoretical expres- 

sions.    The results are graphed la Figure 1  (page 30) which show that the 

angle   Y   denarte appreciably from aero for   i./1   • 0.60.     In the fol- 

lowing section It will be shewn that this rapidly increasing spray angle 

accounts for the appearance of the main spray at contrasted to the se~ 

ealled VMstrer" eprey associated with planing turf« 

It lit« 
lnertle 

that the fluid la • 
exist but that frwelty la 

»'. U ilty ee that 
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Spray Generated by a Three-Dimensional Prismatic Planing Body 

In order to describe the  two basic spray shapes associated with plan- 

ing forms and the hydrodynamic flow processes which lead to the generation 

of these sprays it is necessary to examine the geometry of a simple,  con- 

stant deadrise planing body and the associated free water surface as shown 

in the following sketch. 

chine y 4 
calm water Intersection 

stagnation line 

main spray 
blister 

whisker spray 

lml water 

in spray 

Section A4 

A pile-up of water ahead of the c* la-water intersection with the 

bottaa Uaee piece at the forward edga ef the wetted plamiAg are«.    Accord- 

in« to theoretical sod expariaantal  rweulte (mferaaaee 1 ead a),  the actaal 

wetted «14th la ee—ntjelly   W/|    UawM the vetted width deflsad W «»•» 

lewal water latarowdtlo« with the bette«.    Xa the kaeediete rlcinity cf the 

watted leadlag edn, e stawwaUea lie» ef hi** aceeewree exist«,    few aajrlw 

of the etajaatloa lim relattwe to teal mm m fwwwatrlaally eetaallawad 

fro« • knowledge ef the dwadrlee, trft» wad    V/f   eaaa rim fatter.    Two die 

ir ***<fy . «lied 

• 
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"whisker" spray which appears along the length of the stagnation line, and 

Iba other Is the main spray which rises sharply fron the side of the hull 

after originating in the vicinity of the stagnation line intersection with 

the chine.    Characteristically,  the whisker spray is a thin, light spray 

consisting of droplets of water.    The main spray is a continuous blister of 

fluid in the for» of a cone whose apex is in the vicinity of the stagnation 

line intersection with the chine.    Both soray patterns are apparent in Fig- 

ure 2  (page 3l) which is a photograph of a 20 degree deadrise surface plan- 

ing at a trim angle of eight degrees and a speed coefficient of U.00. 

Another free surface disturbance shown in the sketch on page 9 is a 

bow wave which originates at the chine intersection with the water surface. 

Ibis bow wave is a divergent wave formation anJ is akin to the gravity waves 

which exist for normal displacement vessels.    At low speeds,  prior to the 

development of either the whisker or ruain spray,   the bow wave  formation is 

the only visible water surface disturbance.    As the speed increases, drop- 

lets of whisker spray and a snail main spray blister appear somewhat outside 

the crest of the bow wave.    At high planing speeds  the whisker and main 

spray formations become larger and wider so that they predominate and com* 

pletely obscure the bow wave.    For all planing speeds,  the height of the 

crest of the bow wave is relatively small. 

Considering  the simple prismatic surface sketched on page   9   , exper- 

imental evidence j resented by Smiley ,   indicates that, except in the vicin- 

ity of the chine,   the pressure distribution along the stagnation lias la 

essentially constant.    This fact lends considerable support to the assump- 

tions mad* by several writers that the resultant flow patterns in three- 

dimensional planing can be decomposed into two-dimensional components. 

Thus,  la analogy  to the aerodynamic treatment of flew« over swept-beek 

wings.  UM free stream velocity oaa be resolved into a component    V     no n 
to and a component   f      along the stagnation lias as shown in the following 

■kotofc which U an enlargement of tarn leading edge ef the wetted bot tea 

The velocity components    f      and   f     are defined la terme of 

riae aad trim angle by Pleraoa sad Leehnever . 

■ 
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calm water 
intersection 

• 

Since    V      is essentially constant along the stagnation line (as a conae- 
8 

quence of the assumption of constant stagnation pressure and Bernoulli's 

equation), the flow in planes normal to the stagnation line (sections k-c) 

■ay be treated ae two-dimensional flows.    Hence, it can be assumed that the 

flow in section k-c  is equivalent to the flow about a  two-dimensional flat 

plate planing at an effective    m   and    V   .     If the plane    k-c    is taken 

to be fixed in space and the plani ng surface is aade to pass through this 

plane at a constant    V .   ar examination of the changing flow patterns in 

the plane   k-c   will lead to a possible physical explanation  for the gen- 

eration of both the whisker and sain spraye« 

V* 
This can be explained by considering consecutive positions    k c   , 

and    k,c,    of the plane normal to the stagnation line.    For posi- 

the effective  two-dimensional flow If that of a 
.1 

k3c3 
klcl k?c2» 

L-inflnlte flat plats as treated by Wagner    and discussed on page 6 of 

this report.    In these planes a thin spray.   8 ,   is generated and flows 

along the bottom surface making an effective angle   *•    with respect to the 

cala water surface.    Using the principles of similitude, the wetted length 

and spray thishnees eswecLated with these equivalent wmv-dinmnsional  "ist 

plats« increase linearly with increasing iHil—l    kf.     The effective »wr 

planing velocity for a plane - Vi I» » 
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consequently, the spray Telocity In this plane  la    V   .     In the actual 

tnree-dinensional flow pattern the Telocity component    V      is added to the s 
t*o-dimensional component   V      so that the resultant spray velocity ie    V 

and makes an angle      a ■ tan'    V /V      relative to the stagnation line.   This 

resultant spray is the whisker spray previously described.    It should be 

noted,  froa the previous sketch on page 11,   that the whisker spray makes 

the same angle    ot    with the stagnation line ae does the free stream veloc- 

ity    V •     This principle of "spray reflection" is developed analytically 

ana demonstrated experimentally in Reference 6.    An important character- 

istic of the whisker spray ie that it flows along the hull bottom and leaves 

the chine at an angle which is equal to the geometric angle of the hull bot- 

tom relative to the level water surface.    This angle is measured in a plane 

which is at an angle    &    to the stagnation line and normal to the bottom. 

For conventional trim and deadrise combinations,  this hull bottom angle is 

usually small and, consequently, the whiskir spray, which follows a ballis- 

tic trajectory after leaving the chine,  does not achieve large heights above 

the water surface.    Furthermore,  since the whisker spray ie composed of thin, 

light droplets of fluid it usually ie controlled by moderate chine flare«. 

For normal planes near the chine terminus of the stagnation line, 

i.e.,  section   k.c. ,   a eharp change  in the two-dimeneional  flow pattern 

takes place primarily because the effective two-dimensional surface become« 

a surface of finite length whose leading edge 1« In clo«e vicinity to the 

stagnation line.    In the inboard section«    U,c. ,   *?c?)    the equivalent 

two-dimensional flow« were taken as being similar to the Wagner «emu.* 

infinite flow solution and the resultant spray direction wee shown to be 

tangent to the hull bottom.    At UM finite length outboard sections   (k.e.) 

the equivalent two-dimensional flows are similar to the«« described by 

jreen    (and on pass 7 of this report) where the spray sheet band« around 

the leading edge of to« planing surface asm develops large  Lultial trajec- 

tory angle« «pea leaving toe surface. 

«reen's formales.  Figure 1 on peg« » nee bens 

tos varieties in ««ray trajectory engle vita a oweraeetog total length of 

planing «mrfnc«.    It ess be ess* test,  for ratios of «ffssUv« «otto« length 

to total length less than .60, to« spray «ra>ctory angle to 
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trim angle of the planing surface.   When the ratio becomes larger than .60 

(such as In sections near the chine) a rapid Increase in the initial spray 

trajectory angle results.    Applying these  two-dimensional flow concepts to 

the three-diaensional planing surface,  it is evident that,  as plane    k-c 

approaches the chine,  two continuous changes In flow patterns result.    In 

the first tim spray thickness Increases, while in the second the initial 

spray trajectory angle increases rapidly for sections near the chine (Fig- 

ure 1, page 30}    The large initial spray trajectory angle near the chine 

can account for the formation of the main spray blister previously des- 

cribed.    This flow process indicates that the main spray is generated in a 

localised area in  Jhe region of the stagnation line intersection with the 

chine.    The  fart that the spray thickness and initial trajectory angle are 

large in the area of the chine causes  the main spray blister to be a rela- 

tively heavy sheet which reaches maximum trajectories high enough to wet 

seriously and to increase the resistance of many exposed areas of a sea- 

plans.    It is this main spray sheet with which the subject report is 

concerned. 

In summary then,  the preceding physical descriptions indicate that 

the whisker spray and main spray are generated by essentially the same 

physical flow processes.    The different shapes of each spray pattern are 

attributed to the sharp increase in initial trajectory angle (Figure 1) 

and the continuous increase in elemental spray thickness as the effective 

two-dims nsional flow planes approach the china.    Inasmuch as the pressure 

(and, consequently, the velocity) changes rapidly near the chins end of 

the stagnation line, it is not expected that the superposition of the cross- 

flow and spray-root flow will result in accurate quantitative results, 

never the lass,  it deea give s qualitativ« picture of the bydrvdynemic flow« 

which lead to the development of whisker and main sprays.    la ordsr to ex- 

plore further the mechanism of mala spray gensrstion and to verify the 

assumption that it la generated la a localised rag lea ever the stagnation 

lias iateraaetiso with the calms, s few simple experiments wars par farmed. 
These arm described la tea following sect 
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EXFERIMEOTAL STUDIES 

The experimental investigations  performed in this study of planing 

surface sprays included both broad explorations to define the origin of the 

spray generation and detailed Measurements to relate the main spray geome- 

try with hall and planing parameters. 

Exploratory Tests to Determine Origin of Main Spray 

Spray Dam Tests 

It has been hypotneo_*ed in the previous general discussion that a 

main spray originates virtually from a "point" in the immediate vicinity of 

the stagnation line intersection with ths» chine.    It was considered Important 

to verify experimentally this hypothesis since  ca$ual observation« of « 
main   *p-ay   blister   on  a  high  speed planing  model   give   the   impre ssion   thmt 

water   uiuri   along   the   entire   wetted  chine   length,    thus   forming   the   spray 

llisttr      in order to explore this point a thin sheet-metal strip .20 beams 

long was mounted vertically at several longitudinal positions along the 

chine of a 20 degree deadrise planing surface as shown in the following 

sketch.    (The dimensions of the vertical chine strip are defined In this 

sketch.) 

vertical dune 
strip 

The piamiag smrfaee 

eel tent eersy 

ea mags *\    as tme 

was set st s fine* 

st ft came teat 

far tftwee sUml 

va ami at a 

eeefflsiei 

ties» le 

stns WSJ» emvi 

fisae trim 

% ef 3.00. 

•wwrn u 
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cessively forward, no effect on themain spray blister was noticed until 

the  strip was placed at the stagnation line intersection with the chine. 

At this point almost the entire sain spray blister was suppressed by the 

minute spray strip.    Figure 3 presents photographs indicating the effective- 

ness of the snail local chine strip in practically eliminating the main 

spray blister.    As evident in these photographs,  the chine or spray sLrip 

was  installed only on the starboard side.    The main spray blister on the 

port side is seen to be oöaortially identical in both photographs.    As the 

local chine strip was moved a*,   id of the stagnation line intersection   with 

the chine,  the aain spray blister was undisturbed but a deflection of the 

whisker spray in the area of the chine strip took place. 

One other hypothesis concerning the origin of a main spray a ".so was 
explored.    It had been suggested that the velocity component along the 

stagnation line    (V )    might cause a fluid flow in the direction of the 

chine and that, upon leaving the chine, this  fluid Jet would expand to 

develop the main spray blister.    In order to investigate this hypothesis 

a small longitudinal flat projecting piste .20 beams long and .05 beam» 

deep was placed in line wit*1: the flow normal to the bottom and across the 

stagnation line successively at athwartehip locations of .25 and .375 beams 

from the keel.    It was intended that this spray strip would obstruct the 

fluid flow along the stagnation line and, consequently, reduce the fluid 

volume and niter the geometry of the main ■prey blaster.    A «ketch of this 

local spray dam and photographs of its ef facts on (he main iipray are given 

in Figure U on page )\,   It is evident that the inboard sonsy dame have only 

• small effect on altering the appearance of the male spray blister.    It is 

ohvlowe  from comparing the photographs in figures 3 and a that the chime 

spray strip Is much mere effective than an inboard strip in controlling the 

main spray blister. 

Ifra lajcctlca Teets 

T* ehmrecUrlse further the origin ef planing surface) sprays and 

pertlenlsrlr he mafia» the alvislee ef the sssflitmraal1 wear surface 

state matters« shea a Us» dre «me ahem« te the fiel« at 
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around ehe planing surface.    The dye was carried on the test model and re- 

leased from a hopper as a continuous,  thin liquid »tream.    The locations at 

vhich the dye was introduced onto the free water surface are shown in Fig- 

ure 5 on page 3k* During each test run colored notion pictures were taken 

to establish the distribution of the dye into the areas of spray and wake. 

(These films are available at   STT.)    An analysis of these test results 

indicated several qualitative conclusions concerning the basic development 

of the spray patterns. 

The dye was first introduced at position one (Intersection of stag- 

nation line with chine) to reestablish the fact that nein spray issues froa 

a single snail region.   As had been expected, the entire nein spray blister 

becaan colored.    When the dye injection was noved forward to position two 

(in the area of the whisker spray) the ma.-n spray wan uncolored and streaks 

of blue appeared in the area of the whisker spray surrounding the point of 

dye introduction.    The blue dye stream then was noved to positions aft of 

the stagnation line Intersection with the chine (ponlti na three and four). 

In these positions the naln spray blister remained uncolored and the blue 

dye appeared in the wake of the planing surface. 

The eye hopper next was noved ahead of the planing IM race and the 

cfce was introduced onto the undisturbed level water surf see  (positions five 

through ten),    la position five occasional streaks) of blue appeared in the 

whisker spray,  the nein spray remained uncolored and a major portion of the 

dye appeared as a longitudinal center line streak la the wake of the pi*"« Tg 

eurface.    At position six substantial areas of the whisker spray were colored, 

but the main «pray end make remained uncolored.    When the dye was placed in 

positions seven, eight and nine,  the naln spray blister wee colored alma, 

ovt the whisker spray and wake remained uncolored«    When the dye wee moved 

to position ten both the spray and make remained uncolored end a Ulla alee 

• treek appeared en the water surface parallel to the oemterllne of Um 

The qualitative reemlte ef tale analere tery eye isjnl > re*f firmed 

Urn eemwletlea that UM mala emray blister origins too fron a single 

a% tmn sissjsntlss lias lammrssilism riU the 
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(1) the undisturbed fluid ahead of and along the center line of the 
model appeared in the wake; 

(2) the undisturbed surface fluid ahead of the model and for a dis- 

tance of approximately .1*0 beams outboard of the keel appeared 

in the whisker spray; 

(3) the undisturbed free surface fluid lying in a band approximately 

0*10 beam on either side of the chine line was generated into the 

main spray blister; 

(u) any free surface fluid further outboard of the keel than 0.70 

beams did not contribute to either spray formation. 

Detailed Measurements of Main Spray 

Test Program and Procedure 

Detailed measurements were made cf (l) the maximum height of the main 

spray relative to the undisturbed water surface and (2) the lateral posi- 

tion of the maximum spray height relative to the    laning model.    The main 

spray dimensions were determined for simple prismatic deadrise modele hav- 

ing a beam cf nine inches and deadrise angles of 0, 10,  20 and 30 degrees. 

The models were tested over a trim aas e range    6  i  t   <  15 degrees, a 

speed coefficient range    1.0 <   C    <   U 0,   «nd for mean wetted length- 

beam ratios    X   £   2.50.     Brief investigations were made un the effect of 

simple chine spray strips in reducing the height of the main spray blister 

and on the effect of a wind screen towed ahead of the model. 

At the start of this investigation the spray dimensions were obtained 
7 

by the three-view scheme developed by Locke    using a single overh*.»dc 

and two mirrors.    The details of this technique are described in Reference 

7*    Early la the investigation it was found that this technique preeented 

difficulties la obtaining a consistent set of data mainly because the 

vhisker spray obscured the sain spray in many of the views.    Furthermore, 

the neceeeary delay la processing the expoeed flla prevented the estab» 

Itshaant sf running data plots.    To circumvent these difficulties, 1% was 

aaelesd to use a Pelarsld-Lans earners whtsa was set up st the side of Tent 

is. 3 ia order ts psatsgrepa the sue elevatlea ef tea model end its sees- 
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ciated main spray blister.    The rapid self -developing film used in this 

camera provided spray height data immediately after the end of each test 

run.    A 70 am caaera «as used simultaneously to photograph a rear view of 

the main spray in order to provide data on the lateral position of the spray 

blister.    A grid board was attached to the sids of the model and was used 

along with the Polaroid camera to measure the side elevation dimensions of 

the main spray blister.    Proper corrections were made to the readings to 

account for the difference in the height between the top of the spray and 

the center of the Polaroid camera.    A suitable static calibration •*»• pro- 

vided for the 70 ism camera. 

Appearance and Behavior of Main Spray in Model Scale 

Prior to presenting the results of the detailed spray measurements, 

a description will be given of the general appearance and behavior of the 

main spray during the model tests. This will serve as background for in- 

terpreting the measured results» 

The series of side-view photographs given in Figure 6 on page 35 il- 

lustrates a typical variation in the appearance of the main spray as the 

speed of the model was Increased.    Figure 7 on page 36 presents the corres- 

ponding stern view phttotraphs of the same test rune.    These photographs 

are copies of the actual pictures used to establish the main spray height 

and lateral positions.    In these pictures    the test model is a 20-degree 

deadrise, nine-inch beam prism» tic surface planing at a trim angle of 12 de- 

crees.    Mo main spray formation la evident for   C    <  l.£0.     Instead a 

small pile-up of water is visible in the area of the chine intersection with 

the water surface.    At low speed coefficients the stern views clearly show 

the small bow wave formation attached to the model.    At   C    • 1.50   the 

typical main spray blister appears as a thin continuous sheet of fluid. 

At   CT • 2.00   the main spray blister becomes higher end larger but still 

maintains its eeeentlally continuous appearance,    when the   C      is increased 

to 2.50 the spray sheet increases in height end develops ma instability which 

is characterised by the appearance of sinusoidal oscillations  (not 

that of a flag in a breese).   This instability is similar te that deecrtbed 

and Hamilton8 in their basic stsjsy of the stability of tbla sheets. 
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At    C    - 3.00    the main spray instability attains oscillations severe 

enough to iapture areas of the spray sheet and to form droplets of water 

which are throve away from the main spray sheet.    When the planing speed 

is increased to    C    ■ 3.50 ,   the general appearance of the main spray is 

no longer that of a continuous blister but,  for the most part, consists of 

broken,  dense droplets of fluid whose trajectory is a continuation of that 

portion of the amin spray sheet which is still intact.    This characteris- 

tic is most clearly illustrated ir. the stern view photographs of Figure 7 

on page 36.    Figure 7 also shows that the effect of increasing the speed 

coefficient causes the inboard surface of the main spray sheet to move 

closer to the chine of the planing model and, eventually to obscure the 

bow wave formation which had developed at low speeds. 

The thin, continuous "glassy" appearance of the main spray sheet at 

moderate values of   C      is characteristic of the main spray developed dur- 

ing  the model tests.    Prototyps main spray formations usually are broken, 

dense droplet« of water which present an overall milky white appearance. 

Because of the continuity and small radius of curvature of the model main 

spray sheet, surface tension forces are large, relative to the inertia 

forceo.    Consequently, these forces have a strong effect in keeping the 

spray blister intact.    This curved spray sheet acts as a highly cambered 

airfoil which develops an aerodynamic lift caused by the action of the rela- 

tiv« wind stream into which the spray sheet is thrown.    The lift foroe then 

raises the spray blister to a somewhat greater height than it would achieve 

if the model were towed in a vacuum. 

This lifting effect was noted in a brief experimental investigation 

which was made with a 30 degree deadrise modal towed at trim angles of 12 

and 15 degrees, with and without a deflecting windscreen installed ahead of 

the  planing model.    For the nine-inch beam model at a   C    • ?.00 ,   the main 

spray height witücut a windscreen was approximately 20 percent higher than 

that with a windscreen.    It «as also found that, without a windscreen,  the 

spray sheet became unstable at a lower   Cy    and that its inetehilitiee 

«ore pronoaneed than with a windscreen.    At higher   C     when the spray shae 

was broken up into dense droplets ef «star,  the winds or oo« had little af- 

fect an «ha spray appearance.    OIL seat of the brief, exploratory nature af 
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the windscreen investigation a thorough evaluation of the effect of surface 

tension and aerodynamic forces on model «pray geometry at small Telocity 

coefficients was not possible.    However, it can be hypothesized that,  as 

the model size is increased, the inertia forces will become much larger than 

the surface tension forces and,  consequently,  the extent of the main spray 

which remains intact shrinks.    In the prototype, the sheet-like behavior 

usually is confined to the first few feet of the spray and beyond that re- 

gion the spray disintegrates into myriad droplets which appear to continue 

upward and outward on the initial trajectory of the spray sheet.    Because 

of the unknown magnitude and consequences of surface tension and aerody- 

namic forces in model tests of main spray,  a more comprehensive and basic 

study of these effects is recommended, particularly for very small model 

sizes* 

The correlation between model and corresponding prototype spray 

heights has been tue subject, cf several papers (References 7, 9, 10 and 

11).    The results of these studies have been inconclusive.    Some indicate 

good agreement between model and prototype  spray heights, while others 

indicate the prototype spray to be somewhat higher than the model spray. 

One of the difficulties in such a comparison has been the unreliability of 

the prototype data.    Sufficiently accurate measurements of the prototype 

trim, heave, draft and spray height have not been available to nuke accu- 

rate comparisons with model results.    Furthermore, prototype tests are al- 

ways in a power-on condition where propeller slipstream velocities may 

influence the spray height.    One uniform recoonndation made by most invest- 

igators is that further study of the characteristics and behavior of model 

and prototype spray formations is highly desirable. 

In order to eliminate the aerodynamic effects on model spray blisters 

it was decided to measure all spray height« with the modal running behind 

a windscreen.    It was believed that the resultant spray height« would be 

more like those of the broken prototype »pray which appeared to be unaf- 

fected by the free stream velocity. 

As further illustration of the spray appearance with varying planing 

paraaeters, Figure 8 on page 3? has been prepared to illustrate the spray 

variation with trim angles and Figure 9 on page J6 has beam prepared to 



show the Variation with deadrise angles.    Both series of photographs are 

for a nine-inch beam model planing at   Cy » 2.00.     It is evident that the 

"glassy", continuous appearance of the main spray is maintained for trim 

angles from six to 1$ degrees,    figure 9 shows that at   ß  ■ 0 degrees the 

main spray does not exhibit the usual blister appearance but rather appears 

as a longitudinal plume of water.    For   ß - 10,  20 and 30 degrees, the 

blister appearance of the main spray again is evident.    The subsequent sec- 

tion of this report will define quantitatively the variation in spray geome- 

try with deadrise, trim and velocity coefficient. 

Height of Maim Spray from Model Tests 

The amx&sjaej heights,    {   ,   of the mtin spray blister, as measured 

from the Polaroid-Land pictures, are plotted in Figure 10 on page 39 for 

the four tested deadrise surfaces.    All test data were obtained for the 

nine-inch beam models planing at a fixed    X - 2.50   and towed behind a 

windscreen.    The height,   (■    ,   is the distance between the level water 

surface and the maximum height of the spray blister which remains intact. 

At values of   C     where the spray broke into rather large droplets, an 

accurate determination of the «n«i« spray height was net possible. 

In Figure 10, the ratio ( A2/2* is plotted against C for each 

teet trim angle and deadrise model. This normalised representation of the 

spray height was used in order to establish whether or not the spray fol- 

lowed a ballistic trajectory upon leaving the chine of the planing model. 

Examining the data for each deadrise it can be eeen that, beyond a C of 

approximately 1.50, the ratio ( A /?! i» • constant for.a given trim 

angle, thus, indicating that the spray height varies as the square of the 

speed for a given combination of planing conditions.    For   C    <   l.$0    it 

is eeen that, with decreasing speed,  the spray height   ecreaeem much more 

rapidly than the square of the epeed.    This la attributed to the fact that, 

in this speed range, the basic flow pattern about the model is  Influenced 

strongly by gravity* and to eome extent by surface tension.    For 10, ?0 

V.is is met to me comfmvea with the imAommme of bmoymmmy «teem effect 
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11ft coefficient up to a   C^   of emmet 10 . 
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■ad 30 degrees deadrise surfaces a Halting line is drawn to indicate the 

combinations of   C     and   t   at which the spray blister breaks tip into large 

droplets. 

Although it was difficult to measure accurately the maximum spray 

height during the spray break-up, it was expected that, since the main spray 

development followed a ballistic trajectory,  the maximum height of the water 

droplets at high   C      could be defined by the normalized coefficients 

{ /v /2g .    It is interesting to note that*  for a given tris,  the spray 

sheet remained intact at higher speeds as the deadrise angle was increased 

from 10 to 30 degrees«    Observations of the model spray patterns indicated 

that, with increasing deadrise,  the spray blister becaae narrower in width 

and was directed further aft.    The narrower width would make the spray 

blister more stable and, consequently, would delay the development of in- 

stabilities in the sheet. 

For p • 0 degrees, no spray break-up limit line is shown in Figure 

10 (page 39). It should be recalled from the discussions on page 21 that 

the usual sprsy blister was not developed for ß - 0 degrees, but rather 

the spray appeared as a long longitudinal plume of water running close to 

the chine of the model. In order to investigate the effect of X on the 

main spray height, several test runs were made with each deadrise model set 

at X • 0.80 and 1.50 . For this test range of X, no dJscernable effect 

of «Ban wetted length-beam ratio on the spray geometry was evidenced. This 

follows from the fact tL*L the Kein spray generation was dependent solely 

on the local conditions at the stagnation line intersection with the chine. 
2 

The Halting values of the ivtio     •' /V /2g   for each trim and dead- 

rise combination have been taken from Figure 10 and replotted in Figure U 

on page UO in order to show more clearly the effect of trim aad deadrise on 

main spray height.    It is seer that,  at a given trim angle,  the spray height 

la smallest for   f • 0 degrees, Increase.« to a maammmml value when   p    la 

epproalaately 10 degrees, aad then decreases as   ß    is increased to 30 de- 

grees.    Increasing    t   at any glasa   i    earns■■ a large, almost linear in- 

crease in saalaaa spray heigh»-.    It is evident from Figure u thet, on the 

whole,  the aaia spray height la amah mare saneltlve to trim angle 

men to changes ia «starlee angle. 
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.Haperpo3@d on the plots > f Figure 11 are lines of the constant stag- 
1      2 nation line pressure coefficient,    p /•= pV   .     The combinations of   T   and 

p    which develop a constant   p     were obtained from Figure 15 of Refer- 

«nee 6 which shows that the stagnation line pressures  are solely dependent 

upon the angle between the stagnation line and keel, measured in the plane 

of the bottom«    Consequently, for given values of stagnation pressure co- 

efficient and trim angle, there is a corresponding deadrise angle which 

will develop this pressure.    It is interesting to note from Figure 11, that 

*fre maximum main spray height« are not strongly dependent upon the stagna- 

tion pressure.    Instead, for a given stagnation pressure,  there is a linear 

increase in spray height with increasing deadrise angle.    Similarly, by a 

cross-plot of Figure 11 using the trim angle as an abscissa,  it can be 

shown that, for a given stagnation pressure, a linear increase of spray 

height takes place as the trim angle is increased.    Both increases follow 

from the fact that, for constant   p   ,   an increase in trim or deadrise re- 
s 

salt« In larger effective angles of attack of the two-dimensional flow 

plmne used to describe qualitatively the main spray generation (page 12). 

It will be recalled that the angle of attack of the two-dimensional flow 

plane 1« the angle between the line of Intersection or a plan« nnmtl to 

the) bottom and perpendicular to the stagnation line and the lint of inter- 

section of this plane with the level water surface.    The value of this 

angle in terms of trim and deadrise is given in Figure 3 of Reference 12. 

The angles of attack of the effective two-dimension plares were calculated 

for the trim and deadrise combinations which developed the constant ratios 

p/f pv      shown in Figure 11.    Although these result« are not tabulated in 

this report, it was found that the initial trajectory angles correeponding 

to the smwmwmwl measured spray height« were always larger than the effec- 

tive angle of attack of the two-dimensional planes.    This fact farther in- 

dicate« that there Is a large turn-up of ths baele fluid flow «a it leave« 

the chins — such aa «as seeoclate* with Green's flew which wee described 

en page 7 and in Reference 2.    It 1* «gala emphasised that the descrip- 

tions ef malm «prey smears Lion contained bereis, give « qualitative pletmre 

of «he sue hen Ism, bet a detailed three <1smml«mal study Is msceesary ef the 

flam in the regies ef ths stagnation lime iatereeetlen with Use calms la 

quantitatively the sala spray 
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Lateral Position of Maximtua Spray Height froa Model Testa 

The transverse position,    v   ,   of the maximum height of the main 

spray blister measured outboard of the chine is shown in Figure 12 (page 

Ul) for the four test models.    For each deadrise model, the coefficient 
2 

V /V /2g    Is plotted against   C     for each test trim angle. 

For deadrise angles of   aero and 10 degrees,,  it is evident that the 

ratio     T/V /2g   is essentially constant for each test trim angle «hen  C 

Is larger than approximately 2*00 •     For   ß - 20 degrees a slight reduc- 

tion In the ratio    *) /V /2g    Is noted «hen   C     is increased to values 

larger than 2.00 •     For   ß - 30 degrees,  the ratio     T/V /2g    is constant 

for the range    2.00  <  C     < 3.50   and then decreases as    C      is increased 

to values larger than 3.50 .     If the ballistic concept of main spray gen- 

eration is applied, it becomes apparent that the athwartahlp component of 

the spray trajectory angle is a function of the spaed coefficient for eaeh 

deadrise angle«    It should be recalled from the discussions of spray height 

(page 21) that the spray height varied as the square of the speed for all 

test   C     > 1.50,   thus indicating that the trajectory angle relative to 

the horizontal i« independent of   C   .     Frca the data in Figure 12 on page 

Ul   it appears that, for a given trla and deadrise angle,    the athvartahip 

component of the trajectory angle first increases with    C   ,   then remains 

constant over a small increment of   C      and finally la reduced as    C      is 

further Increased.    No attempt has been made In this analysis to evaluate 

this athvartehip angle for the various test combinations of    f ,   ß   and 

Cy .     However,  it la oleer from Figure 12 that ths absolute distance,   n   , 

Increases constantly with   Cy   ever the test speed rang«. 

In order to isolate the effect of   T   and   |    on the lateral posi- 

tion of the marl mum spray height, the maximum veluee of the ratio     1 A2/2g# 

for a given   *   sad   i    combination, have been taken from Figure 12 and 

repletted on Figure 13 on page 1,2.    It la clear that, for all test dead 

rime models, the lateral position of the sn visual •pray height increases with 

Insreeslag trla angle.    The effect of Increasing deadrise from sere to 20 de- 

greea, for a given trla eagle, la to Increase ths lateral pee it! on ef the 

spray blister,    amen ths jmsssastl la sssssmmmml te JO 
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position is decreased.    The minimum lateral position of the main spray 

occurs at a deadrise angle of aero degrees fcr all test trim angles. 

Effectiveness of Chine Flare in Controlling Main Spray Height 

A brief investigation was made of the effect of simple vertical and 

horizontal chine strips in altering the height of the main spray blister. 

For this investigation the nine-inch beam,  20-degree deadrise model was 

tested at trim angles of 8, 12 and 15 degrees over a   C      range from ap- 

proximately 1*50 to U.0O.    Several vertical and horizontal chine flares 

were investigated at each combination of planing parameters. 

The vertical chine strip was a .061- inch dural plate which was 

fastened to the side of the model along the entire length of the starboard 

chine.    The bottom edge of the vertical chine plate was set at depths of 

.006 b,   .011 b,  .022 b and .056 b   below the chine line«    Polaroid-Land 

pictures were taken of the resultant spray pattern in order to establish 

the saximi» heights of the main spray blister.    The results of this investi- 

gation are presented in Figure 1L (page U3) which shows that the vertical 

spray strip is extremely effective in reducing the height of the main spray. 

For a vertical chine strip 5«6 percent of the beam deep, the spray height 

was  reduced to approximately 65 percent of the height developed in tests of 

'the model without chine strips. 

At trim angles of eight and 12 degrees the figure shows that increas- 

ing the depth of the vertical spray strips to .011 b   causes significant 

reductiom  in the sprsy height.    Further increases in the depth of the spray 

strip result in only moderate reductions in sprsy height.    It appears that. 

Tor these trim angles, little gain in spray reduction will be achieved by 

using vertical spray strip depths larger than 5*5 percent of the beam. 

rhaee results are in excellent agreement with conclusions reached by Locke1"*. 

At tost trim angles of 15 degrees, a continuous reduction in spray height 

avppean; as the depth of vertical strip is increased.    No attempt was made 

t-o establish the limiting depth at which the effectiveness of vertical 

spray «trips wee reduced. 
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The horizontal chine strip used In thee« tests was formed by filling 

the are« between the bottom edge of the vertical chine strip and the bot- 

tom of the model with plasticene.    The lower surface of the plasticene fill 

waa horizontal, vas faired into the bottom of the model,  and was set at 

depths of .022 b and .056 b   below the chine of the model.    The results of 

these tests are plotted in Figure 15 on page Uli.    It is seen that horizon- 

tal chine flare has no effect in reducing the height of the main spray. 

In fact, at the test trim of 15 degrees, the horizontal chine flare actu- 

ally caused an increase in spray height as compared to the model without a 

chine flare.    Again,  these results confirm the results obtained by ix>cke 

in Figure 9 of Reference 13. 

Due to structural design difficulties, the vertical chine strip may 

not be a practical configuration.    The introduction of a chine fillet with 

down flare should overcome this structural difficulty and produce good spray 

control.    It appears to be important in china flare design to make certain 

that the edge flows are deflected downward upon leaving the model.    In Fig- 

on 13 of Reference 13»  Locke showed that a down flare angle of U5 degrees 

is almost as effective as a vertical chine strip. 

concLusioie 

Analytical and experimental studies of the main spray associated with 

prismatic planing surfaces have led to the following conclusions regarding 

the basic mechanism of its generation and the dependence of its geometric 

form upon the fundamental planing parameters* 

1. The min spray originates from a localised area at the later- 

section of the stagnation and chine lines. 

2. The entire sein spray blister can be suppressed effectively by a 

small local vertical spray dam placed at the stagnation line intersection 

with the chine. 

3.    The trajectory angle between the main spray sheet end the hori- 

zontal plane Is mmcb larger then the trim angle er the angle of the eteg- 

netiom line abjve the hsrlsentel.    It is the trajectory angle «mleh seeeents 

for the large be igst»* a« sieved by the me la spray blister. 



I 
U.    The generation of the so-called "whisker" spray at the vetted 

leading edge of a planing surface is similar to Wagner*s semi-infinite 

two-dimensional type of flow, while the generation of the main spray 

blister Immediately behind the whisker spray is similar to Green's finite- 

leading-edge ('.wo-dimensional) type of flow.      A natural transition from 

the Wagner-type to the Green-type flov exists at the forward edge of the 

planing area. 

5. The water in the main spray originates from a surface strip of 

the undisturbed fluid lying ahead of and parallel to the chine of tine 

planing surface for a width approximately .10 bepms on each side of the 

chine line.    The surface fluid inboard of this strip appears as a whisker 

spray, while the fluid outboard of the strip remains on the surface wave 

generated by the planing surface. 

6. Detailed measurements indicate the spray heights vary with the 

square of the speed for   CT   > 1.50   and depend only on the locid flow 

conditions at the stagnation line intersection with the chine,  i.e., do 

not vary with aspect ratio. 

7«    The trim angle has a strong effect on the maximum height of the 

main spray.    Spray heights increase   approximately linearly with the in- 

creasing trim angle* 

8.    The deadrise angle has only a moderate effect on the maximum 

height of the main spray.    The spray height increases as the deadrise 

angle is increased from tero to 10 degrees and then decreases as the 

angle  increases abov* 10 

9«    Vertical chins strips are a very effective means for reducing 

the spray height.    Chine strip depths as small as 2.2 percent of the beam 

reduce the main eorsy height almost 65 percent. 

10.    Forieo« tally faired chine stripe are inef fective in reducing the 

11.    Because of the intact,  "glassy* continuous blister «mich la 

tertstic of medal spray, surface tension foreeo eat threagh the 

t amd the satire sheet la subjected to aerodynamic lifting foreeo aa 
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it passes  through the relative wind stream.    The combined effect of these 

forces on model spray heights should be further investigated. 
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FIGURE     I 
VARIATION    OF   SPRAY   ANGLE   WITH    DEPTH   OF  SUBMERGENCE 

FOR    A    TWO-DIMENSIONAL    FLAT    PLATE   AT   T ■ 30» 
(GREEN'S   SOLUTION, REFERENCE  2) 

A-676 
-30- 

»0 iOO 

i^l 



K-«7t 
-»I- 



s 



ft-«rt 
-53- 

UJ 

z 
cr 
UJ 

< 

>- 
< 

UJ % 

3  Z 
2< 

< 
Z 
o 
< 

en 
UJ 

_J 
< 

o 

o 
UJ o 
< 

CO   CO 
2 O < cr 
O O 

cr z 
Q. «s 
CO   . 

o 
ui <x 

UJ°, 

i o 

o 
"   GD 

O  UJ 

o 



-54- 

m 
OOOOO4OOQ0Q 
•    •••           ••••• 

X 
OOQOOOOOOO 
rHCiiO\AaOco^>ooaoco 

•H 

8 
A. 

(/> 

2 1 
UJ 

tf) > > 
Q u 

9 

UJ UJ 
I 

cr 
3 

H 
^ 

o CD B 

u. 
U. 

o 
O 
N 

O ii 

z ** 

2 
H 



«-•Tt 
-ss- 

(Z US 

< 
0- ÜJ 

> 
< o XI 

(T o 0m 
<X> CL lii 

UJ UJ a. % 
(T 21 (/> > N 

FI
G

U
 

M
A

I 
IN

G
 UJ 

*> 

U. (/) ** 
o < • 

O 
CVJ 

^ o 
I- z 
< — 

it 



-3«- 

(T LJ 
UJ n 
h- - 
»- U, 

u 
UJ 
o 
Ü 

UJ 

< 
Ü- 

5 
cc 
a. 

o> 

M 
u. o 

o 
UJ 
Ul 
Q. 

UJ — • 
> C J 

< 
u 
cc o 

<n 

o 
CM 

< 

II 



-37- 

FIGURE    8 
VARIATION OF MAIN  SPRAY   PATTERN 

WITH  INCREASING  TRIM   ANGLE 
(SIDE VIEW) 
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FIGURE 9 
VARIATION OF MAIN SPRAY PATTERN 
WITH   INCREASING DEADRISE   ANGLE 
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FIGURE    II 
VARIATION    OF   MAXIMUM   HEIGHT  OF MAIN   SPRAY   BLISTER 

WITH   TRIM  AND  DEAORISE 

FOR   CV>I50 
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FiGURE    13 
VARIATION   OF   LATERAL    POSITION   OF   MAXIMUM   SPRAY  HEIGHT 

WITH   TRIM AND   DEADRISE 

(MAXIMUM   LATERAL   POSITIONS   TAKEN   FROM    FIGURE   12) 
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